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was followed by cogongrass (2.34 ± 0.52 mg kg–1) and carabao-
grass with a mean Pb level of 0.49 ± 0.56 mg kg–1. Levels of Pb
among the three grasses (shoots + roots) did not vary signifi-
cantly with the amount of Pb added (75 and 150 mg kg–1) to
the soil.

Discussion. Vetivergrass yielded the highest biomass; it also has
the greatest amount of Pb absorbed (roots + shoots). This can
be attributed to the highly extensive root system of vetivergrass
with the presence of an enormous amount of root hairs. Exten-
sive root system denotes more contact to nutrients in soils, there-
fore more likelihood of nutrient absorption and Pb uptake. The
efficiency of plants as phytoremediators could be correlated with
the plants' total biomass. This implies that the higher the biom-
ass, the greater the Pb uptake. Plants characteristically exhibit
remarkable capacity to absorb what they need and exclude what
they do not need. Some plants utilize exclusion mechanisms,
where there is a reduced uptake by the roots or a restricted trans-
port of the metals from root to shoots. Combination of high
metal accumulation and high biomass production results in the
most metal removal from the soil.

Conclusions. The present study indicated that vetivergrass pos-
sessed many beneficial characteristics to uptake Pb from con-
taminated soil. It was the most tolerant and could grow in soil
contaminated with high Pb concentration. Cogongrass and
carabaograss are also potential phytoremediators since they can
absorb small amount of Pb in soils, although cogongrass is more
tolerant to Pb-contaminated soil compared with carabaograss.
The important implication of our findings is that vetivergrass
can be used for phytoextraction on sites contaminated with high
levels of heavy metals, particularly Pb.

Recommendations and Perspectives. High levels of Pb in local-
ized areas are still a concern especially in urban areas with high
levels of traffic, near Pb smelters, battery plants, or industrial
facilities that burn fuel ending up in water and soils. The grasses
used in the study, and particularly vetivergrass, can be used to
phytoremediate urban soil with various contaminations by plant-
ing these grasses in lawns and public parks.
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Abstract

Background, Aims and Scope. The global problem concerning
contamination of the environment as a consequence of human
activities is increasing. Most of the environmental contaminants
are chemical by-products and heavy metals such as lead (Pb).
Lead released into the environment makes its way into the air,
soil and water. Lead contributes to a variety of health effects
such as decline in mental, cognitive and physical health of the
individual. An alternative way of reducing Pb concentration from
the soil is through phytoremediation. Phytoremediation is an
alternative method that uses plants to clean up a contaminated
area. The objectives of this study were: (1) to determine the
survival rate and vegetative characteristics of three grass species
such as vetivergrass, cogongrass and carabaograss grown in soils
with different Pb levels; and (2) to determine and compare the
ability of the three grass species as potential phytoremediators
in terms of Pb accumulation by plants.

Methods. The three test plants: vetivergrass (Vetiveria zizanioides
L.); cogongrass (Imperata cylindrica L.); and carabaograss
(Paspalum conjugatum L.) were grown in individual plastic bags
containing soils with 75 mg kg–1 (37.5 kg ha–1) and 150 mg kg–1

(75 kg ha–1) of Pb, respectively. The Pb contents of the test plants
and the soil were analyzed before and after experimental treat-
ments using an atomic absorption spectrophotometer. This study
was laid out following a 3 x 2 factorial experiment in a com-
pletely randomized design.

Results. On the vegetative characteristics of the test plants,
vetivergrass registered the highest whole plant dry matter weight
(33.85–39.39 Mg ha–1). Carabaograss had the lowest herbage
mass production of 4.12 Mg ha–1 and 5.72 Mg ha–1 from soils
added with 75 and 150 mg Pb kg–1, respectively. Vetivergrass
also had the highest percent plant survival which meant it best
tolerated the Pb contamination in soils. Vetivergrass registered
the highest rate of Pb absorption (10.16 ± 2.81 mg kg–1). This
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1 Background, Aim and Scope

The global problem concerning contamination of the envi-
ronment as a consequence of human activities is increasing.
Most of the environmental contaminants are chemical by-
products and heavy metals (Ona et al. 2006, Sigua 2005).
The human activities that contaminate soils with large quan-
tities of heavy metals are industrial and mining industries,
fuel burning and fuel production, intensive agriculture and
sludge dumping (Sigua 2005, Sigua et al. 2005, Sigua et al.
2004a, Sigua et al. 2004b). Heavy metals accumulated in
soil can affect flora, fauna, and human living in the vicinity
or downstream of the contaminated sites (Ona et al. 2006).
More than 800,000 children between the ages of one to five
in the U.S. alone could have been affected by Pb poisoning
(Pirkle et al. 1998).

Lead is naturally occurring, but is often released into the
environment from artificial sources. Lead has been mined,
smelted, refined and used for hundreds of years. It has been
used as an additive in paints and gasoline, leaded pipes, sol-
ders, crystals and ceramics. Natural levels of Pb in soil are
usually below 50 mg kg–1, but mining, smelting, and refin-
ing activities have resulted in substantial increase in Pb lev-
els in the environment, especially near mining and smelting
sites, near some types of industrial and municipal facilities,
and in areas adjacent to highways. Lead released into the
environment makes its way into the air, soil and water. Lead
can remain in the environment indefinitely as dust. The Pb
in fuels contributes to air pollution, especially in urban ar-
eas. Soils near highways, freeways, and smelting facilities
have higher levels of Pb than soils in other areas because of
their exposure to Pb dust, which accumulates over time (Ona
et al. 2006). Lead may also contribute to a variety of health
effects. When Pb is absorbed in the body, it will produce
different behavior, psychological and cognitive changes, es-
pecially in children (Ona et al. 2006). It affects an individual
in such a way that its respective accumulation within the
body leads to a decline in the mental, cognitive, and physi-
cal health of the individual.

Various techniques are used for cleaning up Pb-contaminated
soils. Recently, heavy metal phytoextraction has emerged as
a promising, cost-effective alternative to the conventional
engineering-based remediation (Salt et al. 1998, Chaney et
al. 1997, Raskin et al. 1994). Phytoremediation is an alter-
native method that uses plants to clean up a contaminated
area (Uera et al. 2007, Blaylock 1998, Berti 1997, Huang et
al. 1997, Huang and Cunningham 1997, Huang and Cun-
ningham 1996). It is relatively easy to implement, and can
reduce remedial costs while restoring the habitat. However,
the plant species being used must grow well in toxic levels
of heavy metal conditions and can produce high biomass
(Berti 1997). The success of phytoremediation is greatly de-
pendent upon the choice of plant species to be used. Plant
species must adapt to the extreme conditions and must be
relatively tolerant to a high concentration of metals in soil
(Uera et al. 2007).

Vetivergrass (Vetiveria zizanioides L.) due to its unique mor-
phological and physiological characteristics is widely known
for its effectiveness in erosion and sediment control (Green-

field, 1995). This tropical grass was found to be highly tol-
erant to extreme soil conditions, including heavy metal con-
tamination (Truong and Baker 1996). Cogongrass (Impe-
rata cylindrica L.) generally occurs on light textured acid
soils with clay subsoil that can tolerate a wide range of soils
from strongly acidic to slightly alkaline. It is a hardy spe-
cies, tolerant to shade, high salinity and drought. It can be
found in virtually any ecosystem, especially those experi-
encing disturbances (Mekonnen 2000, Johnson and Shilling
1998). It is a hardy species, tolerant to shade, high salinity
and drought. Carabaograss (Paspalum conjugatum) is a vig-
orous, creeping perennial grass with long stolons and root-
ing at nodes. It is adapted to humid climate and found grow-
ing gregariously under plantation crops and along stream
banks, roadsides and in disturbed areas. This grass can adapt
easily to a wide range of soils (Mannetje 1992).

Many remediation techniques have been employed to ad-
dress the rising number of heavy metal contaminated soils
(Cholpecka et al. 1996, Cunningham 1996, Cunningham et
al. 1995). Most of the traditional methods such as incinera-
tion, vitrification, electrokinetics and land filing are extremely
expensive (Pulford and Watson 2003, Mulligan et al. 2001).
A promising and relatively new technology for remediation
of heavy metal contaminated sites is phytoextraction. The
use of the plants (grasses in this study) in phytoremediation
may be cost effective and could be environmentally friendly,
but the practical phytoremediation tool for the control and
remediation of Pb contamination in soil using tropical grasses
is not well understood. The objectives of the study were: (1)
to determine the survival rate and vegetative characteristics
of three grass species grown in soils with different Pb levels;
and (2) to determine and compare the ability of the three
grass species as potential phytoremediators in terms of Pb
accumulation by plants’ roots and shoot organs.

2 Materials and Methods

2.1 Preparation of test plants

The three test plants: vetivergrass (Vetiveria zizanioides L.);
cogongrass (Imperata cylindrica L.); and carabaograss (Pas-
palum conjugatum L.) were grown in individual plastic bags
containing soils (50 kg) with 75 mg kg–1 and 150 mg kg–1 of
Pb, respectively. Young seedlings of vetivergrass and
cogongrass from Little Baguio, Central Luzon State Univer-
sity served as test plants for the vetivergrass and cogongrass
trials. Young seedlings of carabaograss from the Institute of
Graduate Studies Dormitory served as starting test plants
for the carabaograss trials. For each type of grass, 20 plants
were planted in each pot. Individual bags were inspected
almost daily for possible leakage that may compromise the
results of the study. The general study site is shown in Fig. 1.
All treatments were given approximately three liters of dis-
tilled water every four days for a period of six weeks to keep
the moisture content of the soils at field capacity (21%).
Distilled water was used in the experiment to make sure
that water is free from impurities, chemicals and pollutants,
which are potential sources of contamination.
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2.2 Soil and plant assays for Pb

Lead concentrations in the soil and plant samples were mea-
sured by atomic absorption spectrophotometer. Analysis of
Pb was done in plants and soils before planting, which served
as the initial Pb concentration, and after harvesting, which
served as the final Pb concentration of the samples.

Plant samples weighing 0.20 g were placed in porcelain cru-
cibles heated for three hours at 300°C and an additional
two hours at 500°C inside a muffle furnace. Three ml of
5 N nitric acid was added to the samples and heated at 200°C
for 15 minutes to remove traces of organic matter. Samples
were then placed in a hot plate for drying, followed by the
addition of 5 ml of 2 N nitric acid to dissolve the residue of
salts. The mixtures were transferred to a filter paper catch-
ing the filtrate into a 50-ml volumetric flask. The filtrate
was stored in the refrigerator until required for Pb analysis.
Ten grams of air-dried soil samples were added with dieth-
ylene triamine penta acetic acid. The bottles then were trans-
ferred to a horizontal shaker for two hours at a speed of
120 cycles per minute. The soil suspension was filtered us-
ing Whatman # 42. The filtrate was then transferred to an
acid-washed polyethylene bottle, stored in the refrigerator
until required for Pb analysis. Soil and plant analyses of Pb
were conducted at the Science and Research Institute of De
La Salle University, Taft Avenue, Manila.

2.3 Experimental design and data analysis

This study was laid-out following the principles of a 3 x 2
factorial experiment in a completely randomized design with
three replications per treatment combinations. The follow-
ing were the experimental treatments:

#

Nueva Ecija Province
Science City of Munoz

# Central Luzon State University

0 20 40 60 Miles

N

EW

S

Fig. 1: General location of the study site

Factor A  
(Type of grass) 

Factor B  
(Amount of Pb added to soil) * 

A1 = Vetivergrass B1 = 75 mg kg–1 (37.5 kg ha–1)

A2 = Cogongrass B2 = 150 mg kg–1 (75 kg ha–1)

A3 = Carabaograss  

* The soil used in the study contained 1.55 mg kg–1 of Pb (n = 20), 
which is within the natural concentration of Pb in most mineral 
soils of 5-25 ug g–1. Because of the relatively low or negligible 
concentration of Pb in the soils that were used for the study, 
control treatment was not added in Factor B. With or without the 
control treatment, the results may not be different from the 
results being reported in this study. 

The effects of Pb addition on survival rate, vegetative char-
acteristics and uptake of three grass species were analyzed
statistically following the PROC GLM (two-way) proce-
dures (SAS 2000). Where the F-test indicated a significant
(p ≤ 0.05) effect, means were separated, following the method
of the LSD test, using appropriate mean squares (SAS 2000).
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Grass types Plant survival 
(%)

Initial levels of Pb at planting 
(mg kg–1)

Levels of Pb adsorbed 
(mg kg–1)

Vetivergrass 97.50±4.2 a§ 0.91 10.16±2.81 a

Cogongrass 52.50±18.1 b 0.55 2.34±0.52 b

Carabaograss 87.50±11.7 a 0.01 0.49±0.56 c

LSD0.05  17.2  1.8
§ Means in respective column with the same letter(s) are not significantly different at 5% level of significance 
a significant at p ≤ 0.0001 
b significant at p ≤ 0.001 
c not significant

3 Results and Discussion

3.1 Survival rate

Survival of plants differ significantly (p ≤ 0.001) among the
three grasses, but was not affected by the varying amount of
Pb added to the soil, and the interactions between grass types
and amount of Pb (Table 1). Among the grasses, vetivergrass
recorded the highest percentage of plant survival of 97.5 ±
4.2% (Table 2). Survival rate of vetivergrass was statisti-
cally comparable with the survival rate of carabaograss
(87.5 ± 11.7%). Cogongrass registered the lowest plant
survival rate of 52.5 ± 18.1%. For the effect of Pb added to
the soils, results showed a comparable percentage plant
survival across grass types at 75 and 150 mg Pb kg–1 with
mean survival rates of 78.9 ± 19.9% and 79.4 ± 27.2%,
respectively (see Table 2).

The comparably higher plant survival between vetivergrass
and carabaograss was due to tolerance of vetivergrass and
carabaograss to the presence of stress, which was the Pb
added to the soils. This could also be attributed to the ex-
traordinary features of vetivergrass having massive and deep
root systems, aside from a tolerance to extreme climatic con-
ditions including heavy metal toxicities. Similar findings were
observed previously by Roongtanakiat and Chairoj (2001)
who reported that vetivergrass was highly tolerant to an
extremely adverse condition and could therefore be used for
rehabilitation of mine tailings, garbage landfills and indus-
trial waste dumps which are often extremely acidic or alka-
line, high in heavy metals and low in plant nutrients.

The lower plant survival of cogongrass could be attributed
to its characteristics by way of propagation. Cogongrass is
creeping at the surface of the soil and rooting at nodes where
new shoots develop at every rooted node. Carabaograss

adapts very easily to the stress and developed resistance to
Pb without harmful effects to its growth and development.
This implies that vetivergrass and carabaograss were more
tolerant to elevated Pb than cogongrass.

3.2 Plant dry matter yield (Herbage)

The whole plant dry weight was highly (p ≤ 0.001) influ-
enced by the different types of grasses, but not by the amount
of Pb applied nor affected by the interactions between grass
types and Pb added to the soil (see Table 1). Among the
three grasses harvested from soils treated with 75 and
150 mg Pb kg–1, vetivergrass recorded the highest plant dry
matter yield of 33.85 Mg ha–1 and 39.39 Mg ha–1, respec-
tively (Fig. 2). Carabaograss had the lowest plant dry mat-
ter yield that ranged from 4.12 Mg ha–1 to 5.72 Mg ha–1

from soils treated with 75 and 150 mg Pb kg–1, respectively
(see Fig. 2). Grasses planted in soil with 75 mg Pb kg–1 had
an average plant dry matter yield of 15.87 Mg ha–1 com-
pared with the average dry matter yield of 18.51 Mg ha–1

for grasses that were harvested from soils with 150 mg kg–1

of Pb. This implies that the plant dry matter yield of the
three grasses was not affected by the levels of Pb addition
in the soil.

Vetivergrass produced the highest plant dry matter yield
(see Fig. 2). This could be attributed to its massive and ex-
tensive root system, and heavier root and shoot biomass. It
also had a higher number of leaves and a high percent in-
crease in height, as well as a significantly higher survival
rate (see Table 2). This plant, which is fast growing and
can survive in harsh environment, is versatile and hardy,
and tolerant to extreme soil conditions including high metal
concentrations. Normally, vetivergrass can produce approxi-

Sources of variation Plant survival 
(%)

Plant dry matter yield 
(Mg ha–1)

Pb levels in whole plants 
(mg kg–1)

Plant uptake of Pb 
(kg ha–1)

Grass (G) 18.00 b 181.57 a 77.20 a 85.49 a

Lead (L) 0.01 c 3.28 c 1.54 c 0.43 c

G x L 0.48 c 1.01 c 3.57 c 0.70 c

Model 7.39 b 73.69 a 32.62 a 34.56 a

a significant at p ≤ 0.0001 
b significant at p ≤ 0.001 
c not significant 

Table 2: Plant survival (%) and levels of Pb absorbed by whole plants (roots + shoots) of vetivergrass, cogongrass and carabaograss at planting and at harvest

Table 1: F-values and levels of significance
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mately 16.43 Mg to 32.14 Mg ha–1 of dry matter yield.
Herbage yield of vetivergrass under fertile and moist con-
ditions can be as high as 100 Mg ha–1 (Mekonnen 2000). It
can survive in harsh environments and is highly tolerant to
extreme soil conditions (Roongtanakiat and Chairoj 2001,
Chen 2000, Truong 1999, Knoll 1997, Randolff et al. 1995).
The significantly lower whole plant dry matter yield of
cogongrass and carabaograss could be attributed to their
lower root and shoot biomass (data not reported). Accord-
ing to Johnson and Shilling (1998), cogongrass can pro-
duce 18.50 Mg ha–1 of dry matter, while a yield of 19.00
Mg ha–1 can be obtained from carabaograss, which are sig-
nificantly lower than the normal dry matter of vetivergrass
(16.43–32.14 Mg ha–1). These could be the reasons why
vetivergrass had higher plant dry matter yields than cogon-
grass and carabaograss.

3.3 Pb uptake and concentration of Pb in plants

The levels of Pb in the plant tissues (roots + shoots) differ
significantly (p ≤ 0.0001) among the three grasses, but were
not affected by the varying amount of Pb added to the soil and
the interactions between grass types and amount of Pb (see
Table 1). Among the three grasses (averaged across soil Pb),
the highest amount of Pb (10.2 ± 2.8 mg kg–1) was observed
from vetivergrass, followed by cogongrass with a mean con-
centration of 2.3 ± 0.5 mg kg–1 (see Table 2). Carabaograss
had the lowest concentration of Pb (0.5 ± 0.6 mg kg–1). The
concentration of Pb in the tissues across type of grasses were
4.8 ± 2.5 mg kg–1 and 3.9 ± 2.6 mg kg–1 from soils treated
with 37.5 kg ha–1 and 75 kg ha–1 of Pb, respectively.

The uptake of Pb vary significantly (p ≤ 0.001) among the
types of grasses, but was not affected by addition of Pb in
the soil. Interaction effect between grass types and levels of

Pb in soils did not significantly affect the uptake of Pb (see
Table 1). Vetivergrass absorbed the highest amount Pb (31.7
± 9.1 mg kg–1) compared with cogongrass (2.3 ± 0.5 mg kg–1)
and carabaograss (0.3 ± 0.03 mg kg–1). The average plant
uptake (13.9 ± 2.9 mg kg–1) of the three grasses from soils
with 37.5 kg Pb ha–1 was statistically (p ≤ 0.05) comparable
with the uptake of Pb from soils with 75 kg Pb ha–1, with a
mean Pb uptake of 12.3 ± 3.3 mg kg–1. This implies a com-
parable amount of Pb absorbed by three grasses in both lev-
els of Pb addition in soils.

The significantly higher amount of Pb absorbed by
vetivergrass is attributed to its heavier biomass and robust
long dense root system (Roongtanakiat and Chairoj 2001)
compared with cogongrass and carabaograss (see Table 2).
This further implies that a higher biomass of vetivergrass
means a greater amount of Pb absorbed by the plant. More-
over, vetivergrass is more efficient in absorbing certain heavy
metals and chemicals due to the capacity of its root system
to reach greater depths and widths (Troung 1998). This re-
sult emphasizes the relationship between Pb accumulation
and absorption and plant biomass in Pb extraction (Gray
2000). Gray (2000) claimed that the more biomass the plant
has, the more metal it can accumulate, since the metal up-
take is a function of the overall plant biomass. Randolff et
al. (1995) claimed that vetivergrass is highly tolerant to ex-
tremely adverse condition that could be used for rehabilita-
tion of mine tailings, garbage landfills and industrial waste
dumps. These are high in heavy metals but low in plant nu-
trients, thus extremely acidic or alkaline.

Extensive root system denotes more contact to nutrients in
soil, therefore a higher likelihood of nutrient absorption and
Pb uptake. According to Gray (2000), the total amount of
phytoremediation is correlated with the plant's total biom-

Fig. 2: Plant dry matter yield of three grasses grown in soils amended with Pb. Plant dry matter yields are significantly different (p ≤ 0.05) when
superscripts located at top of bars are different
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ass. This implies that the higher the biomass, the greater
the Pb uptake. Combination of high metal accumulation
and high biomass production results in the most metal re-
moval from the soil. The uptake of beneficial metals by
plants occurs predominantly by way of channels, pores, and
transporters in the root plasma membrane. Plants charac-
teristically exhibit a remarkable capacity to absorb what
they need and exclude what they do not need. However,
most vascular plants absorb toxic and heavy metals through
their roots to some extent, though to varying degrees, from
negligible to substantial. Sometimes, absorption occurs be-
cause of the chemical similarity between beneficial and toxic
chemicals. Some plants utilize exclusion mechanisms, where
there is a reduced uptake by the roots or a restricted trans-
port of the metal from root to shoots (Baker 1981). Fur-
thermore, an active growth of roots in soil brings more con-
tact with fresh areas of the soil and ions, therefore creating
a higher likelihood of further absorption and uptake (Bussler
1981). Root hairs play a very important role in water trans-
port. Water moves many times more rapidly along a root
hair (Slatyer 1987).

3.4 Removal of Pb from soil

The total uptake of Pb, normalized uptake of P and esti-
mated removal of Pb by three grasses from soils amended
with varying levels of Pb is shown in Table 3. The highest
average Pb removal from soils of 62.2% and the highest
normalized uptake of Pb (0.85 g kg–1) were observed from
vetivergrass. Cogongrass and carabaograss had 0.23 and
0.05 g kg–1 of normalized Pb uptake (see Table 3). Overall,
vetivergrass had the highest Pb removal compared with
cogongrass of 4.4% and carabaograss of 0.5% (see Table 3).

Again, vetivergrass had shown its superiority over cogongrass
and carabaograss in terms of total Pb removal from soil.
Although vetivergrass is not considered to be a hyper-accu-
mulator plant (Troung 2000), it is believed that it is more
efficient in absorbing heavy metals and chemicals due to the
capacity of its root system to reach greater depths and widths
(Troung 1998). This statement agrees with the present find-
ings with vetivergrass having a significant uptake since, as
previously mentioned, the roots had the most contact to soil.
This is attributed to greater root biomass, root hairs, and
the longer roots of vetivergrass. The use of the vetivergrass

can be cost effective, environment friendly, and could be a
practical phytoremediation tool for the control and reme-
diation of Pb-contaminated soil. It uses only the natural abil-
ity of the grasses to remove Pb from the contaminated soil.
This can reduce the remedial costs and restore the habitat.
It can be used as an alternative to the common methods to
treat contaminants such as chemical treatment with chelat-
ing agents, deep burial or removal from site which are gen-
erally expensive, impractical, and at times impossible to carry
out, as the volume of contaminated materials in many cases
is very large.

4 Conclusions

The present study indicated that vetivergrass possessed many
beneficial characteristics to remove Pb from contaminated
soil. It was the most tolerant and could grow in soil con-
taminated with a high Pb concentration (75 kg Pb ha–1).
Cogongrass and carabaograss are also potential phytoreme-
diators since they can absorb a small amount of Pb in soil,
although cogongrass is more tolerant to Pb contaminated
soil compared with carabaograss. The important implica-
tion of these findings is that vetivergrass can be used for
phytoextraction on sites contaminated with high levels of
heavy metals, particularly of Pb. It can be used to remove
Pb, thus gradually reducing the contamination levels. It is
difficult for anyone to avoid exposure to the presence of
harmful heavy metal in the environment, particularly Pb,
since most Pb concentrations found in the environment are
the results of human activities. Through the use of grasses
to phytoremediate Pb contaminated soil, human exposure
to Pb will be lessened since Pb contributes to a variety of
adverse health effects, especially in children. The use of
grasses is a very cost effective, environmentally friendly and
practical phytoremediation tool for the control and reme-
diation of Pb contamination in soil.

5 Recommendations and Perspectives

High levels of Pb in localized areas are still a concern, espe-
cially in urban areas with high levels of traffic, near Pb smelt-
ers, battery plants, or industrial facilities that burn fuel end-
ing up in water and soils. The grasses used in the study, and
particularly vetivergrass, can be used to phytoremediate ur-
ban soil by planting the grasses in lawns and parks. This

Grass types Total uptake of Pb 
(kg ha–1)

Normalized uptake of Pb †

(g kg–1)
Estimated Pb removal 

(%)

Vetivergrass 31.74±9.01 a§ 0.85 62.2 a

Cogongrass 2.33±0.53 b 0.23 4.4 b

Carabaograss 0.27±0.03 b 0.05 0.5 b

LSD0.05 6.8  17.2 
§ Means in respective columns with the same letter(s) are not significantly different at 5% level of significance 
† Normalized uptake of Pb = total uptake of Pb (g) / total plant dry matter yield (kg) 
a significant at p ≤ 0.0001 
b significant at p ≤ 0.001

Table 3: Estimated total uptake and removal of Pb by vetivergrass, cogongrass and carabaograss
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will minimize the exposure of humans to the threat posed
by the presence of Pb. Moreover, vetivergrass and cogongrass
should be recommended to the local government units of
highly urbanized areas to use these grasses by planting them
in the center islands, highways, parks, lawns, along road-
sides and open landscapes to remove or remediate the Pb
that accumulates in soil. Likewise, it is recommended that
the local government units would require the inclusion of
planting these grasses as part of every project proposal and
comprehensive development plan.

References

Baker AJM (1981): Accumulation and excluders-strategies in the
response of plants to heavy metals. Journal of Plant Nutrition
3, 643–654

Berti W, Cunningham SD (1997): In-place inactivation of Pb in
Pb-contaminated soils. Environ Sci Technol 31, 1359–1364

Blaylock MJ (1998): Phytoremediation using brassica plant.
Biotechnol. Inst Bull Lewis Publishing, Boca Raton

Bussler W (1981): Microscopic possibilities for diagnosis of trace
elements stress in plants. J Plant Nutrition 3, 115–125

Chaney RL, Malik M, Li Y, Brown SL, Brewer EP, Angle JS, Baker
AJM (1997): Phytoremediation of soil metals. Curr Opin
Biotechnol 8, 279–284

Chen H (2000): Chemical method and phytoremediation of soil
contaminated with heavy metals. American Chemical Society,
Washington, DC, 41, pp 229–234

Cholpecka A, Bacon JR, Wilson MJ, Kay J (1996): Heavy metals
in the environment. Forms of cadmium, lead, and zinc in con-
taminated soils from southwest Poland. J Environ Qual 25,
69–79

Cunningham SD, Berti WR, Huang JW (1995): Phytoremediation
of contaminated soils. Trends Biotechnol 13, 393–397

Cunningham SD (1996): Promise and prospects for phytore-
mediation. Plant Physiology 110, 715–719

Gray KA (2000): The phytoremediation of lead in urban, resi-
dential soils. Northwestern University, Evanston, Illinois

Greenfield JC (1995): Vetivergrass, the ideal plant for vegetative
soil and moisture conservation. The World Bank, Washing-
ton, DC, pp 31–48

Hale MJ, Orcutt DM (1987): Physiology of plant under stress.
Wiley and Sons, Inc., Canada

Huang JW, Chen J, Berti WR, Cunningham SD (1997): Phyto-
remediation of lead-contaminated soils: Role of synthetic
chelates in lead phytoextraction. Environ Sci Technol 31,
800–805

Huang JW, Cunningham SD (1996): Lead phytoextraction: spe-
cies variation in lead uptake and translocation. The New
Phytologist 134, 75–84

Huang JW, Cunningham SD (1997): Phytoextraction of lead from
contaminated soils. American Chemical Society, Washington,
DC, pp 283–298

Johnson ER, Shilling DG (1998): Cogongrass. Plant conserva-
tion alliance working group. University of Florida, Weed Sci-
ence, Florida

Knoll C (1997): Rehabilitation with vetiver. African Mining 2, 43–50
Mekonnen A (2000): Handbook on vetivergrass technology –

From Propagation to Utilization. GTZ IFSP S/GONDER,
Ethiopia

Mulligan CN, Yong RN, Gibbs VF (2001): Remediation tech-
nologies for metal-contaminated soils and groundwater – An
evaluation. Engineering Geologist 60, 193–207

Ona LF, Alberto AP, Prudente JA, Sigua GC (2006): Levels of
lead in urban soils from selected cities in the rice-based region
of the Philippines. Env Sci Pollut Res 13 (3) 177–183

Pirkle JL, Kaufmann RB, Brody DJ, Hickman T, Gunter EW, Pas-
chal DC (1998): Exposure of the U.S. population to lead,
1991–1994. Environ Health Perspect 106, 745–750

Pulford ID, Watson C (2003): Phytoremediation of heavy metal
contaminated land by trees – A review. Environment Interna-
tional 29, 529–540

Randolff B, Walsh K, Melzer A (1995): Direct revegetation of
coal tailing at BHP, Saraji Mine. Australia Mining Council
Environment Workshop, Darwin, Australia

Raskin I, Kumar PBAN, Dushenkov V, Salt DE (1994): Biocon-
centration of heavy metals by plants. Curr Opin Biotechnol
5, 285–290

Roongtanakiat N, Chairoj P (2001): Vetivergrass for remedying
soil contaminated with heavy metals

Salt DE, Smith RD, Raskin I (1998): Phytoremediation. Annu
Rev Plant Physiol Plant Mol Biol 49, 643–668

SAS (Statistical Analysis System) (2000): SAS/STAT User's Guide.
Release 6.03. SAS Institute, Cary, North Carolina, 494 pp

Sigua GC (2005): Current and future outlook of spoil and sludge
materials in agriculture and environment. J Soils Sediments 5
(1) 50–52

Sigua GC, Adjei MB, Rechcigl JE (2005): Cumulative and re-
sidual effects of repeated sewage sludge applications: Forage
productivity and soil quality implications in South Florida,
USA. Env Sci Pollut Res 12 (2) 80–88

Sigua GC, Holtkamp ML, Coleman SW (2004a): Assessing the
efficacy of dredged materials from Lake Panasoffkee, Florida:
Implication to environment and agriculture. Part 1 – Soil
and Environmental Quality Aspect. Env Sci Pollut Res 11
(5) 321–326

Sigua GC, Holtkamp ML, Coleman SW (2004b): Assessing the
efficacy of dredged materials from Lake Panasoffkee, Florida:
Implication to environment and agriculture. Part 2 – Pasture
Establishment and Forage Quality. Env Sci Pollut Res 11 (6)
394–399

Slatyer RO (1987): Plant-Water Relationship. Academic, New York
Troung PN (2000): The global impact of vetivergrass technology

on the environment. Proceedings of the Second International
Vetiver Conference, Thailand

Troung PN (1999): Application of the vetiver system for phyto-
remediation of mercury pollution in the Lake and Yolo coun-
ties. Northern California

Troung PN (1998): Vetivergrass technology as a bioengineering
tool for infrastructure protection. Proceedings of the North
Region Symposium Old Department of Main Roads, Cairns,
Australia

Troung PN, Baker D (1996): Vetivergrass system for environ-
mental protection. Royal Development Projects Protection.
Technical Bulletin No. 1998/1. Pacific Rim Vetiver. Office of
the Royal Development Projects Board, Bangkok, Thailand

Uera R, Paz-Alberto MA, Sigua GC (2007): Phytoremediation po-
tentials of selected tropical plants for ethidium bromide. Env
Sci Pollut Res, DOI: http://dx.doi.org/10.1065/espr2007.02.391

Received: February 22nd, 2007
Accepted: May 7th, 2007

OnlineFirst: May 8th, 2007



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


